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Preface 



L ike many in the field of wireless local loop, I gained my expertise 
in the area of cellular and cordless radio. On moving into the wireless 
local loop environment, my first reaction was to seek a good refer- 
ence work that would help me understand the concepts and issues behind 
it. No such work appeared to exist, although many colleagues acknow- 
ledged the urgent need for one. This book is an attempt to integrate the 
knowledge I have gained through a wide range of sources into an intro- 
ductory text on wireless local loop. 

The intention here is to provide a reference that those new to the area 
of wireless local loop can consult to understand what it is all about, and 
to be able to differentiate the issues that will be key to their needs. The 
aim also is to provide sufficient background information that the book has 
value as a reference when particular parameters or methods are required. 

The intention has not been to produce a scholarly tome, replete with 
complex equations and exhaustive reference lists. Those coming to this 
area are unlikely to have the time or inclination to consult such a text. 
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Further, most of the theory is identical to that already widely published 
for mobile radio systems, and it seems unnecessary to repeat it here. 
Instead, the book deliberately has been kept to a length that allows busy 
executives to read it quickly and easily. Key issues are explained intui- 
tively, rather than mathematically, allowing this book to be of use outside 
scholarly environments. Indeed, the focus on pragmatic and practical 
issues rather than on theoretical understanding makes the book appropri- 
ate for those who have to work with real deployments of wireless local 
loop networks. 

This book was written at a time when the first wireless local loop 
networks were only just being deployed. The industry is still very much 
in its infancy, and there are many lessons still to be learned. Every effort 
has been made to speed the production of the book so that it is not out of 
date before it is published, but certainly some of the issues relating to 
specific technologies will require updating only a year or so from the date 
of publication. The intention is to issue revisions as the technology 
advances. 

This book is divided into five parts. Part I sets out the competitive 
scene, including the role of wireless local loop among fixed, cable, 
cellular, and cordless networks. Part II details the role of wireless local 
loop in a range of environments and the economics relative to fixed 
networks. Part III provides a short technical background, including 
propagation and access techniques for those who are interested, while 
Part IV looks in detail at the different technologies available and the means 
of selecting among them. Finally, Part V details the experience gained to 
date in deploying wireless local loop systems. 
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Setting the Scene 





1 

What is Wireless Local Loop? 



I n principle, wireless local loop (WLL) is a simple concept to grasp: it 
is the use of radio to provide a telephone connection to the home. In 
practice, it is more complex to explain because wireless comes in a 
range of guises, including mobility, because WLL is proposed for a range 
of environments and because the range of possible telecommunications 
delivery is widening. 

Figure 1.1 is a simplistic diagram of the role of WLL in the world. In 
a simple world, a house is connected to a switch via first a local loop, then 
through a distribution node onto a trunked cable going back to the switch. 
Historically, the local loop was copper cable buried in the ground or 
carried on overhead pylons, and the trunked cable was composed of 
multiple copper pairs. WLL replaces the local loop section with a radio 
path rather than a copper cable. It is concerned only with the connection 
from the distribution point to the house; all other parts of the network 
are left unaffected. In a WLL system, the distribution point is connected 
to a radio transmitter, a radio receiver is mounted on the side of the house, 
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Figure 1.1 The role of WLL 

in much the same manner as a satellite receiver dish, and a cable is run 
down the side of the house to a socket inside the house. The socket is 
identical to the one into which users currently plug their home tele- 
phones. Hence, apart from a small receiver on the side of their house, the 
home subscriber does not notice any difference. 

Using radio rather than copper cable has a number of advantages. It 
is less expensive to install a radio than to dig up the road, it takes less 
time, and radio units are installed only when the subscribers want the 
service, unlike copper, which is installed when the houses are built. That 
begs the question as to why copper was ever used. As will be seen, it is 
only in the last five years that advances in radio technology have brought 
the cost of radio equipment below the cost of copper cabling. Hence, 
since around 1992, WLL has steadily become the most appropriate way 
to connect subscribers. 

Most readers already will have a line to their homes, provided by 
copper, so they might think that WLL has arrived too late. That is not 
true. As will be seen, over half the world does not have a telephone line, 
so the market is huge. Further, in countries that do have lines, WLL is 
being used by new operators to provide competition to the existing 
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telephone company. So although you may already have a copper line, you 
may decide to change to a WLL line. 

Others may ask, Why bother with WLL, connecting the switch to 
the house, when cellular already connects the switch to the subscriber 
and provides mobility as well? That issue is discussed in more detail later, 
but, briefly, cellular is too expensive and provides insufficient facilities 
to represent a realistic replacement for a wired phone. Special systems 
are required, tailored to WLL deployment and that can provide a realistic 
alternative . Perhaps by the year 2 00 5 , cellular and WLL will have merged 
into one system. Until then, WLL requires specialized technology to 
deliver high-quality services for a price competitive to wireline. 

The rest of this book is devoted to explaining the remarks in this 
opening section in more detail, so the reader is aware of the roles and 
limitations of WLL and is convinced about some of the sweeping state- 
ments made. 



1.1 Why a book on wireless local loop? 

Most telecommunications professionals by now have noticed the dra- 
matic rise in interest in a topic called WLL. From its hardly noticed 
introduction in the early 1990s, WLL now commands numerous confer- 
ences, analysis’ reports, and hype. It is also surrounded by more confusion 
and lack of information than most communications topics in recent years. 
At least the world of mobile communications has its standards, even if 
those standards are different in the United States and Europe; WLL has 
no standards to speak of. At least mobile communications knew that its 
main market was voice; WLL systems are suggested for voice, data, 
Internet access, TV, and other new applications by the day. At least 
mobile communications was a fairly simple proposition to put to consum- 
ers ; a wireless phone that looks like an ordinary phone is bound to prompt 
the question “Why?” from most customers. 

There is no shortage of information on WLL. Type “wireless local 
loop” into your Internet search engine , and you will get more than 10,000 
references. Ask a conference organizer for documentation from WLL 
conferences, and you will need several helpers to carry it all away. Why, 
then, even more information on WLL? 
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The problem with the information currently available is that it all is 
essentially promotional material. As you will see later in the book, many 
large industrial concerns are vying for a share of a market whose size could 
rival that of the global cellular industry. The success of each competitor 
depends on its convincing the world telecommunications community that 
its product or service is the best. The claims and counterclaims are 
confusing, often misleading, and sometimes completely incorrect. It is 
against that background that the need for an objective assessment be- 
comes apparent. 

There are many things a book can do. It is a good opportunity to put 
a topic into context, to provide background information, and to analyze 
important issues in detail. There also are things a book cannot do. The 
time taken to write, edit, print, and distribute a book means that, at best, 
it will be at least six months out of date by the time of publication. Hence, 
in this book, there is no attempt to analyze comprehensively all the 
offerings from different manufacturers; such information would be out 
of date before the book was even in print. Instead, the different techniques 
and approaches adopted are analyzed to provide general guidelines within 
which each technology can be considered. 

It also is worth remembering that WLL is still in its infancy. Hence, 
this book cannot provide authoritative and final answers based upon 
exhaustive experience. The information gathered from a range of sources 
will be proved in some cases; in other cases, it will be provisional. 



1.2 Acronyms and terminology 

Like most other technical fields, WLL abounds in acronyms. A full list of 
acronyms is provided at the end of this book, but before venturing into 
such a list, the issue of what WLL actually is needs to be addressed. 

The term “wireless local loop” is the concatenation of the terms 
“wireless” and “local loop.” Few readers will have any problems under- 
standing “wireless”; it is, of course, the transfer of information without 
the use of wires, which implicitly means using the electromagnetic 
spectrum and typically the part of that spectrum known as radio. “Local 
loop” is the part of the telecommunications network that connects homes 
to the nearest local switch or distribution point. Thus, “wireless local 
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loop” is the use of radio to make a connection from some local switching 
or distribution point in the fixed network to a number of houses. 
The reason why anyone would want to do that is introduced in 
Chapters 2 and 3. 

The abbreviation WiLL, used by the major manufacturer Motorola, 
means the same thing. The UK government decided to rename the term 
radio fixed access (RFA). Other similar terms in widespread use include 
fixed radio access (FRA) and radio in the local loop (RLL). WLL, however, 
appears to be the most widely used acronym; hence, that is the term used 
throughout this book. (WiLL is used only to indicate Motorola’s WLL 
radio technology.) 



1.3 How to read this book 

Few professionals have the time or the inclination to read an entire book. 
Many readers will come to this book with substantial prior knowledge 
and their particular agenda as to what they want to gain from the time 
and effort involved in reading it. With that in mind, this book has been 
assembled on a compartmentalized basis, allowing readers to read only 
the parts that are of interest to them. Further, the book has been kept 
relatively short. It is tempting to fill a book with all the background 
information that might be relevant, but here a conscious effort has been 
made to keep the information presented to a minimum and to provide a 
few choice, widely available references, to allow readers to gain the 
maximum from their efforts to read the book. 

The book is divided into five discrete parts, as follows: 

■ Part I provides some background information to the telecommuni- 
cations environment and introduces the concepts of convergence 
and access technologies. Part I places WLL in a wider and rapidly 
changing telecommunications environment. It should be of interest 
to all readers, except perhaps corporate strategists who are already 
well versed in its concepts. 

■ Part II explains why in the last 1 0 years the concept of using wireless 
in the local loop has emerged to challenge the traditional approach 
of laying copper cable. It first looks at the needs of the different 
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parts of the world and then discusses, in general terms, the relative 
economics of wired and wireless interconnection. It finishes with 
some market forecasts for WLL. Part II will be of most interest to 
readers new to the world of WLL. Those who have visited a few 
WLL conferences will be familiar with the material and can pass 
it over. 

■ Part III provides some technical information on wireless. A good 
understanding of many of the key parameters, such as range and 
capacity, both of which have a critical effect on network economics, 
can be reached only with a little technical background . Part III looks 
at radio propagation and radio systems and considers a key debate: 
whether code division multiple access (CDMA) or time division multiple 
access (TDMA) forms the most appropriate access technique. Read- 
ers prepared to take on trust later claims relating to technology can 
skip the chapters in this section. 

■ Part IV is concerned with selection of the most appropriate tech- 
nology. In a world where there are no standards and over 30 
competing systems, such a choice is both complex and critically 
important. The different technologies available are introduced and 
impartially evaluated. Chapter 1 3 provides guidance on the process 
of making a selection. Everyone involved in technology selection 
should read the chapters in this section. 

■ Part V moves away from theory and technology and looks at the 
deployment of a WLL system. It describes license application, 
examines selection of a service offering, and develops the business 
case. It finishes by looking at network deployment and customer 
care issues. Part V will be of interest to all those involved in 
managing the deployment and operation of a WLL network. 

Part I now continues with two more chapters: Chapter 2 introduces 
the converging world of telephony, TV, and computing, a convergence 
that is dramatically shaping WLL offerings. Chapter 3 looks at the 
different access technologies with which WLL will be competing for a 
market share. 



2 

The Converging World of 
Telephony, TV, and Computers 



T he world of telecommunications used to be much simpler. For 
most of its 100-year history, the only option was getting a fixed line 
from the national (monopoly) operator. A variable was introduced 
in the mid-1980s, when mobile phones became a viable service but only 
as an addition to a fixed phone — quality was too poor and cost too high 
to use a mobile phone when a fixed phone was an option. 

The world of broadcasting also was simple. TV signals were broadcast 
terrestrially in the UHF frequency band (typically 400 to 800 MHz), and 
anyone with a rooftop antenna and a TV receiver could receive them. 
Then along came cable and satellite, both offering a much higher number 
of channels. For our purposes, satellite systems can be considered similar 
to terrestrial systems: both use radio spectrum to broadcast their signals. 
Cable, however, is different. High -bandwidth wired connections to 
customers opened new opportunities. 
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The world of computing also was happily doing its own thing. Few 
computers were connected to anything other than internal networks, and 
all computer connections were by wire, not by radio. Corporate net- 
works were connected with dedicated connections, and home users were 
not connected into anything. 

Then a number of developments started to blur the boundaries 
between those different areas: 

■ T elecommunications operators started to look at how to send more 
information to users, opening the door to the possibility of pro- 
viding TV and computing information via telecommunications 
channels. 

■ Broadcast providers started to provide telecommunications in ad- 
dition to broadcasting, for example, cable operators began provid- 
ing telephony services. 

■ Connecting a computer to the Internet via a telecommunications 
medium rapidly gained popularity. 

Today, almost every delivery medium aims at providing telephony, 
broadcast entertainment, and computer services. That is the convergence 
that many in the field have talked about for so long. To labor a point and 
for those for whom “convergence” is nothing more than a useful term to 
use in conversations with clients, consider this. Your local cable operator 
will offer you broadcast TV, telephony, and Internet access all through 
the same line. By clicking an icon on an Internet Web page, you can 
automatically call the company whose Web page you are viewing. Based 
on your questions, the company can change the Web page you are viewing 
or help you download a video clip, which you can then view on your 
personal computer (PC) or as a short program on your TV set. Such service 
is available today and is gaining rapidly in capability and ubiquity. 

The effect is that the traditional boundaries are lost. Phone calls now 
link computers. Broadcast TV now provides Internet data. Internet links 
provide voice conversation. A WLL operator in all but the least devel- 
oped countries that ignores the evolution of convergence is unlikely to 
survive. This chapter examines those trends and summarizes the new 
competing forces. 
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2.1 Telecommunications 

In the major countries in the world, most households are linked via a 
copper line into the public switched telephone network (PSTN), the world’s 
largest manmade network, which allows anyone to phone anywhere in a 
few seconds — anyone, that is, connected to the PSTN and anywhere that 
is also connected to the PSTN. For those for whom wired telephones are 
an integral part of everyday life, it is easy to forget that much of the world 
does not have telephone access. According to statistics from the Interna- 
tional Telecommunications Union (ITU), more than half the world’s popu- 
lation have never made a telephone call. Telephone penetration varies 
from 60% of the population in developed countries to 2% or less in 
undeveloped countries. The penetration figure is the total number of 
installed phone lines divided by the total population. In developed coun- 
tries, some phones are shared among households so although the pene- 
tration might be only 60%, access to telephones is close to 100%. The 
dramatic difference in access to telephones is one of the key drivers for 
WLL and a topic that is discussed in detail in Chapter 4. 

The copper wire used typically is referred to as twisted-pair copper, 
two thin copper wires surrounded by insulation and twisted together. 
Such wiring has the advantage of being inexpensive but the disadvantage 
that it tends to act as an aerial, radiating high-frequency signals, poten- 
tially into other twisted pairs lying nearby and causing the phenomenon 
known as cross-talk. However, because voice does not contain much in 
the way of high-frequency components, limiting the signal that the line 
carries to around 3 kHz prevents cross-talk. (Chapter 3 provides more 
technical information about twisted-pair copper; the point here is to em- 
phasize the difficulty in sending high-frequency signals through twisted- 
pair copper.) 

Despite its limitations, twisted-pair copper has one important char- 
acteristic: it links almost every house in the developed world to the PSTN. 
Not only that, it is the only link for most houses. As will be shown later, 
putting in more copper is extremely expensive. Those factors combine 
to ensure that researchers will concentrate on the means to get the most 
possible out of the existing twisted-pair copper. 

The owners of twisted-pair connections also have a great interest in 
expanding what those connections can be used for. The owners are the 
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large state telecommunications companies (e.g. , BT, France Telecom, 
AT&T, and the so-called baby Bells in the United States) and normally 
are referred to as post and telecommunications organizations (PTOs). In the 
post-Thatcher and post-Reagan world of market economics, the PTOs 
are a prime target for government action. The PTOs typically have a 
monopoly of access to the customer, but governments prefer to see 
a competitive marketplace, one in which abuse of monopolistic power is 
less likely to occur. To encourage such a marketplace, governments 
typically both prevent the PTOs from entering new marketplaces and 
encourage other operators, often on preferential terms, to compete with 
the PTOs. The latter strategy — yet another key driver for WLL — is 
examined in Chapter 4. The former tactic is a key driver for convergence 
and is discussed below. 

PTOs, while eager to grow, are restricted by government legislation 
from entering areas such as broadcasting and computing. They are not, 
however, restricted from using their existing cabling to enhance con- 
sumer choice. Hence, PTOs are keen to find ways to send video down 
twisted-pair copper to provide services such as video on demand (VOD). 
VOD allows a user to view a film at home without having to go to the 
video store to rent a tape. 

PTOs also want to use their twisted pairs to provide connections to 
the Internet, maximizing the time that the cabling is used. If that provides 
the incentive for users to request a second twisted-pair connection, so 
much the better for the PTO. 

So, from being a means whereby people can talk with each other, the 
twisted-pair connection rapidly is becoming a channel where a range of 
different media types is transmitted, including voice, video, and com- 
puter data, that is, the much vaunted multimedia world. With all the 
different types of information passing through the same channel, it is 
relatively simple to link them so that a film can be ordered through 
the Internet and the Internet and voice calls can work together; thus, 
the emergence of the PTOs and twisted-pair copper as major factors in 
the convergence of audio, video, and computing. 

Telecommunications has a more recent addition to its transmission 
means: mobile communications. Cellular communications has been one 
of the major growth industries of the last decade; already, only 10 years 
after launch, cellular revenues are some 1 5% of total telephony revenues 
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in most developed countries . That percentage can be expected to increase 
rapidly, perhaps to 50% and more over the next decade. Mobile commu- 
nications cannot be ignored as a key force in telephony. The advent of 
mobile communications and the development of the technology and 
manufacturing required to deliver mobiles at low cost are key enablers 
that make WLL possible and economic. But more about that in later 
chapters. 

In terms of convergence, mobile telephony is not a key driver. Only 
about 2% of mobile calls are data, and most of those are fax messages. 
The scarcity of mobile spectrum means that high-bandwidth applications 
such as video and computing will remain expensive for some time, as well 
as slow and of poor quality. Perhaps by 2005 , video might become more 
normal on a mobile, but that will be a long time after convergence 
has taken place. For that reason, mobile is mentioned here only for 
completeness. 



2.2 Broadcasting 

Since the widespread advent of TV broadcasting in the 1 940s, the delivery 
of TV signals by terrestrial transmitters that provide around four channels 
has been prevalent. This is known as terrestrial TV. More recently, two 
alternatives have appeared. Satellite TV offers 30 or more channels to 
anyone who installs a satellite dish. Cable TV offers 50 or more channels 
to anyone able to access the cable. Cable has one big advantage over the 
other two delivery mechanisms in that each subscriber has a dedicated 
link into the cable network and is thus able to transmit into the network 
as well as receive from it. It did not take cable operators long to realize 
that they could increase their revenues by offering viewers a telephone 
service as well as the broadcast TV service. Once a telephony service was 
provided, Internet access became possible, and cable operators are now 
looking at ways to provide higher speed Internet access. 

Unlike twisted-pair copper, cable operators typically use coaxial 
cable (coax) to connect subscribers to the network. Coax consists of a 
copper central conductor surrounded by insulation and then an earth 
shield. The shield dramatically reduces radiation compared to twisted 
pair and allows cable operators to provide much higher bandwidths, 
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typically 750 MHz, compared with the 3 kHz of twisted pair. With such 
bandwidth capabilities, cable can offer Internet access speeds of 40 Mbps 
compared to the typical 3 3 Kbps or so available on the twisted-pair access 
network. 

Like PTOs, cable operators are considering converging voice, TV, 
and computing to allow Internet voice, Internet selection of films, and 
voice guidance through Internet pages. 

It is not possible to venture into the world of broadcasting without 
hearing the world digital. Digital broadcasting is the hot topic of the 1 990s 
and will affect most TV viewers by around the year 2005. Digital 
broadcasting works by converting the picture to a stream of binary digits 
and then exploiting the fact that in most cases the current frame trans- 
mitted is nearly identical to the previous frame. Hence, instead of each 
frame being sent, only the difference between the previous and the 
current frame needs to be transmitted. Coupled with plenty of other 
clever intelligent coding techniques, this results in a digital TV picture 
being transmitted in substantially less bandwidth than current analog 
pictures. The difference varies between a factor of around 4 to 40, 
depending on a range of factors outside the scope of this book; suffice it 
to say that digital will enable many more channels to be broadcast than 
analog. Digital broadcasting will appear on satellite, cable, and terrestrial 
transmitters during 1997 and 1998. 

A digital broadcast channel has a relatively fixed capacity. However, 
the resources required for video transmission vary dynamically, from 
virtually none (e.g., during a news broadcast, when only the news- 
reader’s lips move) to high levels (e.g., during a football game, when 
almost everything moves). The channel is sized for the latter situation, so 
transmission of the newscast has significant spare capacity. There is much 
talk about using that spare capacity for data download of non-time-critical 
information, for example, newspapers and local information. Such infor- 
mation will, of course, need to be processed at the TV set. Many industry 
observers think that TV then will offer the ability to display, edit, and 
request more information; in short, it will have many of the charac- 
teristics of an Internet-connected PC. Indeed, Microsoft recently an- 
nounced a significant investment in providing operating systems for such 
a device. A TV set would almost certainly also contain a socket to plug 
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in a telephone, allowing voice, video, and computer access through the 
set, in direct competition to the telecommunications provider. 

Cable operators are best placed to take advantage of this trend because 
they already possess the return channel whereby information from the 
subscriber can be passed back into the network. Terrestrial and satellite 
broadcast may have to rely on twisted-pair connections to return 
information to the network, further increasing the complexity of the 
convergence that is taking place. 



2.3 Computing 

It hardly seems necessary to discuss the Internet, a topic so prevalent in 
everything from specialized journals to national newspapers and maga- 
zines that it is unlikely that any readers will not have a good working 
knowledge of this phenomenon of the 1 990s. Instead, this section focuses 
on what the Internet means for convergence. 

Suddenly, computers are no longer stand-alone devices. Many are 
now networked and able to draw on massive resources of information. 
At the simplest level, you can communicate through e-mail rather than 
using the telephone, an example of voice-computing integration. At 
another level, you can retrieve information, read advertisements, and get 
the news. Finally, well-specified machines can receive video clips for 
replay on the computer. But of course, all those activities are possible 
only if you are connected via a twisted pair or coax cable into the PSTN. 
Here we have a highly integrated scenario in which the Internet is 
replacing the traditional traffic over the local loop with a wider range of 
traffic in a different form. 

Any Internet user is familiar with the slow delivery time of the 
Internet; files can take hours to download, and connections fail to get 
made. That is because the existing telecommunications networks, over 
which the Internet is delivered, were not designed to cope with the 
volumes of traffic that the Internet is increasingly generating. The con- 
vergence of computing, in which disk sizes are measured in gigabits, and 
telecommunications in which even the best modems manage only kilobits 
per second has caused some major problems and will prove key drivers 
for the future. New telecommunications systems need much more band- 



16 Introduction to Wireless Local Loop 



width but are restricted by the limits of twisted-pair connections. Wire- 
less access may be one means to ameliorate the situation. 



2.4 The new competing environment 

This section looks at the implications of convergence for a prospective 
WLL provider. In a fully convergent and well-developed country, all the 
entities shown in T able 2 . 1 might compete to provide a more or less 
encompassing service to users. Each entity is shown with details of the 
delivery mechanism they will use and whether they will provide teleph- 
ony, broadcast, or computing services. 

Some of the terms in Table 2.1 have yet to be introduced. Microwave 
video distribution system (MVDS), Integrated Service Digital Network (ISDN), 
and generic digital subscriber lines (xDSL) are discussed in Chapter 3. For 
the purposes of this chapter, suffice it here to consider them as technolo- 
gies capable of delivering the services listed. 

Reading down the columns, it can be seen that telephony could now 
be provided by PTOs, WLL operators, cellular/ cordless operators, and 
cable operators. Because of the additional services they offer, the eco- 
nomics of the different operators are quite different. For example, a PTO 
operator makes most of its money via telephony, whereas a cable operator 
bases its network on TV subscriptions and can provide telephony at 
almost no additional cost. 1 



Table 2.1 

Competing Providers in a Convergent World 



Entity 


Technology 


Telephony 


Broadcast 


Computer 


PTO 


Twisted pair. 


One and two 


VOD 


High-speed 




ISDN, xDSL 


lines 




asymmetrical 










access 


WLL operator 


Wireless 


Two lines 


No 


64-Kbps access 



1 . Assuming, that is, that the cable network was engineered to provide voice telephony. 
Some earlier cable networks require substantial reengineering to allow voice traffic to be 
carried. 
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Table 2.1 (continued) 



Entity 


Technology 


Telephony 


Broadcast 


Computer 


Cellular 

operator 


Cellular and 
cordless 


One line 


No 


Limited but 
mobility 


Cable operator 


Coax 


One and two 
lines 


50+ channels 


High-speed 

symmetrical 


Terrestrial 

broadcast 


AnaLog and 
digital TV 


No 


5-10 channels 


Some 

downLoad 

potential 


Satellite 

broadcast 


AnaLog and 
digital 


No 


50+ channels 


No 


MVDS 

broadcast 


Digital TV 


Yes 


50+ channels 


High-speed 

asymmetrical 

access 



An operator that can offer all types of service through one access 
medium should be well placed to maximize economies of scale and hence 
succeed in the marketplace. Cable operators come closest to that posi- 
tion, with the PTO next. Both operators, however, are hampered by the 
high cost of laying and upgrading cable; hence, their market dominance 
will not be as great as might have been imagined. 

According to Table 2.1, the WLL operator does not look well placed 
to take advantage of a convergent world, with only telephony and 
relatively low-speed computing access capabilities. However, Table 2.1 
does not provide the whole story. The WLL operator’s key competitors 
in the convergent world will be the PTO and the cable operator. The 
WLL operator may even team with the terrestrial and satellite broadcast- 
ers to provide them with a return channel and increase their offering. 
Compared to the PTO and the cable operator, the WLL operator, as we 
will see in Chapter 5 , is able to provide a connection for significantly less 
cost. Although the PTO potentially is able to offer high-speed computer 
access, that technology may be expensive and difficult to deploy to all 
areas. The same is true for cable operators, which have particular prob- 
lems with the return path due to their original network design, which 
will be expensive to overcome. A WLL operator providing relatively 
good voice and Internet access on a relatively low-cost base might provide 
a well-targeted service for many customers. 
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Even better, in any particular country, not all these types of operators 
will be present, and there may not be a demand for all those services. 
Regardless, WLL operators must remember that they are operating in a 
world where convergence is a key driver, and failure to provide Internet 
access, voice, and (potentially) video is likely to undermine significantly 
their business case. WLL operators also are operating in a world where 
competitors are not just the PTOs but also the terrestrial and satellite 
broadcasters and the cellular operators, against which appropriate strate- 
gies must be developed. 

Chapter 3 looks in more detail at the different technologies that will 
be used by each of the competing operators to provide access to their 
customers. 



3 

Access Technologies 



W ll is all about providing access from the home into the switched 
network. As discussed in Chapter 2 , WLL is only one of a number 
of competing technologies that can be used to provide access. In 
this chapter, all the existing and proposed technologies that are, or might 
be, used to provide local loop access are introduced, along with a short 
description of their key strengths, shortcomings, and likely costs. Most 
access technologies merit a book in their own right; indeed, books are 
available on many of the topics. This chapter is intended only to provide 
sufficient information that WLL operators will be able to better under- 
stand the competition they face. 
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3.1 Access via twisted pair 

3.1.1 Voiceband modems 

The twisted pair can be used directly to provide voice communications. 
To provide data communications, it is necessary to make use of a device 
that converts the data signal into a format suitable for the telephone 
channel. Such a device is known as a modem, a shortened form of the 
term modulator-demodulator. A modulator takes the digital waveform 
and maps it onto an analog signal that looks to the telephone system 
somewhat like a voice signal. The demodulator reconverts the signal into 
an analog signal. A detailed description of telephone modems can be 
found in [1], 

The telephone channel has a bandwidth of about 3 kHz. It also has a 
relatively good signal-to-noise ratio (SNR) of some 30 to 40 dB. That means 
that although only some 3,000 symbols per second can be transmitted, 
each symbol can contain a relatively large amount of information. Instead 
of representing just two different levels, as is normal in digital modula- 
tion, it could represent, say, 16 or 32 different levels. The modulation 
used to achieve this is termed quadrature amplitude modulation (QAM). 

Voiceband modem standards are developed by the ITU. Standards 
are important in this area because the modulator and the demodulator 
are installed in different premises, often in different countries, and they 
need to know how to work with each other. The standards are updated 
as technical progress allows. Each is known by a number, such as V.33. 
The letter V is common to all modems, while the number tends to 
increase as each new modem is introduced. However, there are other 
entities that the ITU standardizes within the V series, such as intercon- 
nection arrangements. Therefore, not all V.xx numbers represent mo- 
dems, and the modem numbers do not necessarily rise consecutively. An 
example of how the standards have progressed is shown in Table 3.1. 

The most recent standards allow data rates of up to 33.6 Kbps, with 
the latest modem to be announced capable of rates up to 56 Kbps, 
depending on the quality of the channel. This recent progression reaches 
the theoretical maximum rate of information transfer on the band-limited 
twisted wire; hence, no further improvement in speed can be expected. 
(Subsequent sections discuss techniques that achieve much higher data 
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Table 3.1 

Summary of Voiceband Modems 



Data Rate 
(Kbps) 


Symbol Rate 
(Baud) 


Modulation 

Type 


Standard 


2,400 


1,200 


i4-DPSK 


V. 26, 1968 


4,800 


1,600 


i8-DPSK 


V. 27, 1972 


9,600 


2,400 


16-QAM 


V. 29, 1976 


9,600 


2,400 


32-QAM 


V. 32, 1984 


14,400 


2,400 


128-QAM 


V. 33, 1988 


33,600 


4,800 


256-QAM 


V.34, 1996 



transfer rates, but such techniques work only when the 3 -kHz band-lim- 
iting filters are removed by the PTO.) 

The key advantages of voiceband modems are the following: 

■ The economies of scale achieved have resulted in a cost per modem 
of around $200 each. 

■ They can be connected directly to a telephone line with no need 
for the PTO to modify the line in any manner. 

The key disadvantages are the following: 

■ They need a dedicated line for the time they are in use; hence, voice 
calls cannot be made or received on the telephone line. 

■ The maximum capacity is around 56 Kbps, which is relatively slow 
for computer data transfer. 

3.1.2 ISDN 

Integrated Service Digital Network (ISDN) basically is a framing format that 
allows data to be carried at a range of data rates across a bearer. ISDN 
makes use of the fact that twisted-pair cables can carry more information 
if the problems of cross-talk can be overcome. To provide ISDN access, 
the PTO first must remove filters on the line that prevent signals of 
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bandwidth greater than 3 kHz being transmitted. There is an installation 
cost involved, which the user must pay. An ISDN modem is then installed 
at both ends of the line. 

Not all lines are suitable for ISDN. Older lines, or lines over 3 km, 
typically cannot carry ISDN because the cross-talk with other lines is too 
severe or the signal attenuation too great. A test on the line is required 
before ISDN service can be provisioned. 

ISDN is an international standard that provides a range of data rates. 
The lowest rate ISDN channel is 64 Kbps, with a typical ISDN deploy- 
ment providing a so-called 2B + D arrangement (known as basic rate 
ISDN access, or BRA). There are two basic (B) 64-Kbps channels and one 
data (D) channel of 16 Kbps. The data channel can be used to provide 
signaling information, while both basic channels are in use. Hence, a 
2B 4 D channel provides 144 Kbps. Primary rate ISDN offers 3 OB 4 2D 
channels, a total of nearly 2 Mbps, but cannot be provided over twisted- 
pair copper; instead, new coax cable is required. Basic rate modems cost 
around $ 300 each, although prices are expected to fall significantly in the 
coming years. More information on ISDN can be found in [2] and [3]. 

The advantages of ISDN include the following: 

■ It is a long-established standard and a proven technology. 

■ It is relatively cheap and widespread in some countries. 

The disadvantages include the following: 

■ Only a small increase in the rate is offered by voiceband modems. 

■ ISDN may be rapidly outdated by xDSL technology. 



3.1.3 xDSL technologies 

The area of digital subscriber line technologies is a relatively new one (the 
abbreviation xDSL refers to all the approaches to digital subscriber lines) . 
The concept, like ISDN, is to use existing twisted pair, less any filters that 
may be in place, to provide significantly greater data rates through 
complex intelligent modems capable of adapting to the channel and 
removing any cross-talk that might be experienced. The term xDSL has 
come about to encompass a host of proposed different approaches, such 
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as asymmetric digital subscriber line (ADSL), high-rate digital subscriber line 
(HDSL), very high rate digital subscriber line (VDSL), and doubtless more 
to come. 

Research has shown that these technologies can offer up to 8 Mbps, 
perhaps more, depending on the quality of the existing twisted pair. 
Readers at this point may be asking themselves why on the one hand the 
twisted pair can provide only 56 Kbps and on the other hand the same 
twisted pair can achieve 8 Mbps. The reason has to do with the manner 
in which cross-talk is treated. Voiceband modems overcome the problem 
of cross-talk by ensuring that none is generated. The xDSL technologies 
generate significant cross-talk but employ advanced technology to cancel 
its effects. It is that difference in approach, enabled by advances in digital 
signal processing, that has allowed xDSL to make such dramatic improve- 
ments in the data rates that can be achieved. 

The first of the xDSLs to appear was HDSL, which provides up to 
around 768 Kbps on a single twisted pair. It also can make use of a number 
of twisted pairs to deliver higher rate services by, for example, sending 
every even bit down one cable and every odd bit down another. Using 
up to a maximum of three twisted pairs, a maximum data rate of around 
2 Mbps in both directions can be achieved with only modestly complex 
equipment. A major difficulty associated with HDSL is the removal of 
echoes from the signal, which can cause intersymbol interference. The 
echoes are removed by equalizers. Equalizer design is a complex topic 
that attempts to balance complexity and delay against performance. In 
HDSL, a combination of preequalization at the transmitter and equaliza- 
tion at the receiver is used. The preequalization attempts to transmit a 
signal that when received has no echoes, while postequalization removes 
any residual error effects. 

HDSL is intended for business applications. HDSL signals can propa- 
gate only a few kilometers along twisted pairs . Most businesses , however, 
are relatively close to their nearest exchange, so that is not a significant 
limitation. HDSL typically is less suitable for residential applications, 
because homes may be at much greater distances from the local exchange . 

After HDSL came ADSL, which provides more data in the down- 
stream direction than in the return path. This asymmetry meets the 
requirements of Internet access well, where more information is passed 
to the home than is sent into the network from the home. By restricting 
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the return path to lower rates, less near-end cross-talk (NEXT) is gener- 
ated. NEXT is interference from the return signal that contaminates the 
received signal. Because the return signal is at a lower rate, the effect of 
NEXT is reduced and higher downstream rates achieved. ADSL promises 
to provide up to 8 Mbps downstream but only tens of kilobits per second 
upstream. Current trails are achieving around 1 . 5 Mbps downstream and 
9.6 Kbps on the return path. 

ADSL works by dividing the transmitted data into a number of 
streams and transmitting the streams separately at different frequencies. 
This approach is known as discrete multitone (DMT) in the fixed-line 
community; however, the technique has been used for many years in 
mobile radio normally known as frequency division multiplexing (FDM) or 
orthogonal frequency division multiplexing (OFDM). Indeed, this is the 
technique proposed for digital audio broadcasting and digital terrestrial 
TV broadcasting. For a detailed discussion of this approach, see [1], This 
approach has the advantage that each transmitted data stream is narrow- 
band and does not require equalization. The capacity of each stream can 
be adjusted according to the frequency response of the channel at that 
particular point. It also tends to improve error performance against 
impulsive interference, because an impulse now damages a fraction of 
one bit on all the channels instead of a number of sequential bits on a 
higher rate channel. However, additional complexity results from the 
need to have an echo canceler for each channel and to modulate the mul- 
tiple channels onto the single telephone line. 

ADSL is more appropriate for residential applications. By reducing 
NEXT, the range achieved is greater than that for HDSL, allowing long 
residential lines to carry ADSL successfully. Also, the asymmetrical signal 
typically is suitable for residential applications such as VOD, in which 
more signal is sent to the home than received from it. It is estimated that 
up to 70% of all residential lines in the United States could be suitable 
for ADSL operation. 

Finally, VDSL has been proposed where fiber to the curb (FTTC) has 
been deployed. In that case, the copper run to the subscriber’s premises 
is very short, typically less than 500m; hence, higher data rates can be 
supported. Using the most advanced technology proposed yet, it is 
suggested that VDSL could achieve data rates of up to around 50 Mbps, 
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although that is still far from being proved. Current plans suggest 1 0 Mbps 
downstream and 64 Kbps on the return path. VDSL cannot be used in 
networks in which FTTC has not been implemented. 

xDSL will be expensive to implement, even though the local loop 
will stay relatively unchanged. The PTO will need to install new optical 
cable from the switch to a new cabinet in the street, as shown in 
Figure 3.1. Modems for xDSL are predicted to cost around $500 each, 
although the price in the coming years will depend heavily on the success 
of the technology and the economies of scale achieved. 

A problem with all the xDSL technologies is that the data rate that 
can be achieved depends on the length and the age of the twisted pair. As 
the length gets longer, the data rate falls. As yet, it is not clear what 
percentage of lines will be of sufficient quality to accept xDSL signals. 
Figures quoted in the industry vary from around 60% to 90%. Due to the 
technology’s relative newness, texts on xDSL are hard to find and tend 
to be limited to chapters in books such as [4] . Readers who want to know 
more about this topic should refer to academic journals such as [5] and [6] . 
A summary of the twisted-pair technologies is provided in Table 3.2. 
The key advantage of xDSL is the potential extremely high data rate 
on existing ubiquitous lines. 



PTO building 




< 

Typically 1 km 



> 



Figure 3.1 Modifications required to install xDSL technologies. 
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Table 3.2 

Summary of Twisted-Pair Technologies 



Technology 


Speed Rate 


Mode 


Applications 


Voice modems 


56 Kbps 


Duplex 


Data comms 


ISDN 


144 Kbps 


Duplex 


Voice and data 


HDSL 


1.5-2 Mbps 


Duplex 


WAN, LAN 


ADSL 


1.5-9 Mbps 


To user 


Internet, VOD, LAN 
muLtimedia 




16-640 Kbps 


To network 




VDSL 


13-52 Mbps 


To user 


As ADSL plus HDTV 




1.5-2. 3 Mbps 


To network 





The key disadvantages of xDSL are as follows: 

■ The modems are relatively expensive. 

■ The technology is unproven. 

■ It is unlikely to work for all homes. 



3.2 Access via coax 

Cable operators have implemented what often is known as a tree-and- 
branch architecture. Figure 3.2 is a schematic representation of such an 
architecture. 

Cable networks vary in their composition. Some networks are en- 
tirely coax, others use fiber optic in the backbone (the trunk of the tree) 
but coax in the branches. The latter networks are FTTC or hybrid fiber 
coax (F1FC). Some postulated networks are composed totally of fiber, 
termed fiber to the home (FTTH). At present, the economics of FTTH are 
not favorable. 1 



1 . FTTH has been something of a Holy Grail for PTOs and the cable industry because of the 
assumption that it represents the ultimate possible delivery mechanism, capable of 
delivering gigabits to the home. However, it has been pointed out that FTTH is akin to 



